abstract: Kudoid parasites are known to infect a large variety of fish. A significant proportion of Kudoa species have relatively low host specificity, with a single species able to infect multiple host species representing various host families even from different host orders. since DNa sequences have been associated with myxosporean species characterisations, it has become far easier to determine host range of new species and validate host records from earlier descriptions. This study investigated the host specificity of a kudoid parasite, Kudoa thalassomi Adlard, Bryant, Whipps et Kent, 2005 , from the Great Barrier Reef in Australia using DNA sequence analysis and morphology. The results revealed the host specificity to be broad, with K. thalassomi identified in 18 different fish species representing six different fish families. This study also compares current genetic information from different host isolates of Kudoa Meglitsch, 1947 to their host ranges recorded in existing literature. From this analysis, only half of the Kudoa species with multiple host records (27 Kudoa species) have half or more isolates that are genetically characterised, and thus specifically identified with a high confidence, from their known hosts. Only five kudoid species have genetically characterised isolates from all of their recorded hosts.
Parasites from the monotypic family Kudoidae Meglitsch, 1960 are microscopic, spore-forming organisms found commonly in marine fish. Some of these parasites are of significant concern to marine aquaculture through their production of post-mortem myoliquefaction, encephalomyelitis, and obvious cysts in the musculature (Egusa 1986a , alvarez-Pellitero and sitja-Bobadilla 1993 , Moran et al. 1999 , grossel et al. 2003 . However, some kudoid species seem to cause relatively little effect in some hosts while causing significant issues in other hosts, e.g. Kudoa amamiensis Egusa et Nakajima, 1980 in pomacentrid fish (Egusa and Nakajima 1980, Burger et al. 2008) compared to Seriola spp.
clearly, the presence of kudoid parasites can impact on aquaculture production, with the host specificity of such parasites being a key element required to determine the actual level of threat. Host species-specific kudoids that occur in non-commercial fish obviously pose little threat, while kudoids with broader specificity may transfer to cultured stock through the presence of locally occurring reservoir hosts. Most myxosporeans have been reported from a single host species or host genus (Moran et al. 1999 ) but many kudoid species tend to show lower host specificity. For example, Kudoa iwatai Egusa et shiomitsu, 1983 has been recorded from 13 different fish families from three fish orders (Egusa and Shiomitsu 1983 , sugiyama et al. 1999 , Diamant et al. 2005 , and the cosmopolitan K. thyrsites (gilchrist, 1924) has been recorded from 18 different fish families representing nine fish orders . Recent trends to incorporate genetic data in species descriptions facilitates the unambiguous identification of infections of described kudoid species occurring in new hosts, regardless of phenotypic plasticity, and equally, it facilitates the recognition of novelty in typically character-poor, morphologically similar, species. this study compares the host range of kudoid species determined by molecular diagnosis with those that were determined prior to, or without the aid of DNa sequences, and reports 17 new host records for Kudoa thalassomi adlard, Bryant, Whipps et Kent, 2005 .
Materials and Methods
sample collection. Fish from 214 species of 41 fish families were collected (during 2005-2008) from Heron Island (23°27′S, 151°55′E) and Lizard Island (14°39′S, 145°7′E) on the Great Barrier reef, Queensland, australia. Fish were caught using line, spear, or localised sprays of clove oil anaesthetic and euthanised by prolonged immersion in clove oil. Identification of fish hosts conforms to currently valid names and common names given in FishBase (http://www.fishbase.org/).
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The fish were examined for kudoid infection in the somatic muscle by taking a sub-sample of fish tissue (approximately 20 × 10 × 5 mm) that was placed on a glass plate (76 × 50 mm), moistened with vertebrate saline (0.85% salt), and shredded to a pulp using scalpel blades. a second glass plate was placed on top and the liquid squeezed out into a 2-ml centrifuge tube. an aliquot (~15 µl) of the suspension from the bottom of the tube was examined for kudoid spores under an olympus BH2 microscope at ×400 magnification. When kudoid spores were detected, sub-samples of skeletal muscle were preserved in 10% neutral buffered formalin for histological analysis and the remainder of the fish and the saline preparation were preserved by freezing for morphological analysis and DNa extraction of spores. Where material was limited, priority went to frozen samples from which both morphological information and DNa could be recovered.
Histology. sections (5 µm thick) were cut from selected 10% formalin-fixed samples using standard histological techniques. serial sections were stained alternatively with haematoxylin and eosin or with giemsa and eosin, and coverslips applied using DePeX (BDH, England). Digital, light photomicrographs of the sections were taken at ×400 magnification with an Olympus BH2 microscope using a Nikon Digital sight Ds-l1 (Nikon corporation, Japan) camera.
Morphometric analysis. spore suspensions in saline were prepared as described above from two selected fish from two different families: Abudefduf bengalensis (Bloch) (Pomacentridae) from Heron island and Thalassoma lunare (linnaeus) (labridae) from lizard island. Photomicrographs were taken of the spores at ×400 magnification under phase contrast lighting conditions. spore measurements were taken from the micrographs using the measuring tool in Nikon Nis Elements imaging software (Nikon, tokyo). at least 30 spores from each morphotype in apical view were used to represent the measurements taken (side view measurements were taken from the A. bengalensis sample only).
the morphological data were subjected to a principal component analysis using the software Past version 1.82b (Hammer et al. 2001) . Scatter plots with 95% confidence ellipses were generated using variant-covariant matrices. all other statistical analysis was conducted using stata™ 10.0 (statacorp 2008) . the raw data of each measurement were tested for normal distribution using the Shapiro-Wilk test with a 95% confidence level. Each normally distributed dataset was tested individually for significant difference between the means from two host isolates first by Bartlett's test for equal variance (one-way analysis of variance), followed by two-sample t-test (for either equal or unequal variance depending on the outcome of the Bartlett's test).
DNA analysis. DNa was extracted from Kudoa spore suspensions that had been examined under the microscope during sample collection. Kudoids were sampled from 18 fish species in six different host families: Cheilodipterus macrodon (lacépède) (apogonidae); Chaetodon baronessa cuvier, three C. and Cephalopholis boenak (Bloch) (serranidae). the spore suspensions were concentrated by centrifugation for 6 min at 4750 g and the supernatant discarded. the DNa from the pellet was extracted using a Qiagen DNeasy Kit (QiagEN Inc., Valencia, California) according to the manufacturer's instructions. Small subunit (SSU, 18S) rDNA was amplified using PCR primers KudMB1f 5'-GCC ATG GAT AAC TGT GGT AAA TCT AGA GC -3' (Burger et al. 2008) and universal 18R 5'-CTA CGG AAA CCT TGT TAC G -3' (Whipps et al. 2003) . Large subunit (LSU, 28S) rDNA was amplified using PCR primer combination Kt28S1f 5'-CAA GAC TAC CTG CTG AAC -3' and 28S1R 5'-GTG TTT CAA GAC GGG TCG -3' . PCR reactions and cycling parameters were as per Burger et al. (2008) . Pcr products were cloned using toPo ta cloning® Kit for sequencing (invitrogen, Carlsbad, CA, USA) as per the manufacturer's instructions and DNa sequence data were generated as described in Burger et al. (2008) . one clone of lsU was sequenced for each host, while two clones were sequenced from the lsU Pcr product from Amphiprion akindynos and two clones from the second Chaetodon unimaculatus individual.
ssU rDNa and lsU rDNa sequence data were edited using BioEdit (Hall 1999) then aligned with other kudoid sequences available from GenBank using ClustalW (Thompson et al. 1994) and subsequent neighbour joining distance analyses using the p-distance model were conducted using PaUP* 4.0b10 (swofford 2002) . the ssU Kudoa rosenbuschi (gelormini, 1943) sequence from abollo et al. (2005) and the Kudoa sp. sequences from Pascual and abollo (2008) were considered as sequences of Kudoa alliaria shulman et Kovaleva, 1979 as discussed in Burger and adlard (2010) . Unicapsula sp., a multivalvulidan in the family trilosporidae, was used as an outgroup because it represents the closest known relative external to the Kudoidae. The bootstrap confidence values were generated using 1000 bootstrap replicates. Pairwise differences were also analysed in PaUP* 4.0b10 to determine total nucleotide distance and percentage differences.
Host specificity. a survey of the literature was conducted to compare host ranges amongst the Kudoidae Meglitsch, 1960 (amended by Whipps et al. 2004 ). All records were compared to availability of genetic data correlating to Kudoa species with multiple hosts. While every effort has been made to include all Kudoa species with multiple hosts and to include all their host records, it is possible that some in peripheral literature may have been overlooked. the authors welcome any further contributions.
results

Identity of new Kudoa isolates
New isolates of Kudoa were collected from the somatic muscle from 18 species of six different fish families on the great Barrier reef, Queensland, australia. the Kudoa samples from these fish had spores with 6 or 7 polar capsules and spore valves within a single plasmodium (Figs. 1, 2 ). as such, from microscopic observation all isolates were morphologically consistent with the original description of Kudoa thalassomi Adlard, Bryant, Whipps et Kent, 2005. the genetic sequence data produced from the 18 isolates in this study possess the highest genetic affinity with K. thalassomi ex Thalassoma lunare (minimum 99.7% affinity in SSU (range of 0-10 nucleotides difference) and 98.5% in lsU (range of 1-10 nucleotides difference)) (see Figs. 3, 4) . the neighbour joining trees (Figs. 3, 4) show no correlation between host relatedness and sequence affinity between host isolates. Interestingly, 4 nucleotides difference (0.6%) was found in lsU between the type sequence of Kudoa thalassomi and the Kudoa sequence from the same host, T. lunare from lizard island.
to examine the breadth of morphological variation, two of these Kudoa isolates were subjected to more detailed morphological analysis. The first was an isolate from the type host of Kudoa thalassomi, Thalassoma lunare (labridae), while the second was an isolate recovered from Abudefduf bengalensis representing a different and more taxonomically distant host family (Pomacentridae) of coral reef associated fishes. All measurements conformed to a normal distribution using the shapiroWilk test (p-value >0.05). A principal components analysis comparing the apical view measurements of the 6-and 7-polar capsule morphotypes from these two host isolates (Fig. 5) shows overlap between all the morphotypes, but reveals significant differences between the two isolates and between the two different morphotypes. this is especially obvious between the two 7-polar capsule morphotypes (Fig. 5) . the two sample t-test identified significant differences (p-value <0.05) in the means between the 7-polar capsule morphotype from the different hosts in width, valve width, and apical polar capsule length. For the 6-polar capsule morphotype, both the spore width and the valve width have significantly different means.
compared to other species that infect somatic muscle and are dominated by 6-polar capsule spores (see Kudoa species with multiple hosts of the 84 Kudoa species described to date, 27 of them have been associated with more than one host with a median of four hosts for Kudoa species with more than one host. Eight of these 27 Kudoa species only have two known hosts (K. azoni aseeva, 2004, K. Naidjenova, 1975 with 20, K. iwatai with 19, and now K. thalassomi with 18. at higher taxonomic levels, 12 of the 27 species are restricted to a single host family and 20 of the 27 are restricted to a single fish order. Fig. 6 shows the frequency distribution of host species range in the Kudoidae. it shows a positively skewed proportion where most species (57 of 84) have only been recorded from a single host and eight species have been recorded from only two hosts.
Following are data from the literature on the 27 species of kudoids that have been recorded from multiple hosts. those hosts with corresponding rDNa sequence of their Kudoa isolates are highlighted in bold. Kovaleva, shulman et Yakovlev, 1979 total number of hosts: 6. gadiformes: gadidae -Micromesistius australis (type host Kudoa bora (Fujita, 1929) Kudoa clupeidae (Hahn, 1917) Hahn 1917 , Balozet 1929 , 1930 , Nigrelli 1946 , Meglitsch 1947 , Dollfus 1955 , sindermann 1961 , Kovaleva et al. 1979 , Pellizzato and canzonier 1985 , shulman 1988 , Reimschuessel et al. 2003 , Webb et al. 2005 .
Kudoa alliaria
Kudoa gunterae Burger et adlard, 2010 total number of hosts: 11. Perciformes: apogonidae -Apogon properuptus. Pomacentridae -Abudefduf septemfasciatus, A. sordidus, A. sexfasciatus (type host), Chromis viridis, Chrysiptera cyanea, Dascyllus aruanus, Dischistodus pseudochrysopoecilus, Neoglyphidodon melas, Plectroglyphidodon leucozonus, Pomacentrus chrysurus. reference: Burger and adlard 2010. Whitaker, Kent et Sakanari, 1996 total number of hosts: 2. scorpaeniformes: sebastidae -Sebastes elongatus, S. paucispinis (type host). references: Moser et al. 1976 , Heckmann and Jensen 1978 , Whitaker et al. 1996 , Hervio et al. 1997 , Moran et al. 1999 . Naidjenova, 1975 Kudoa thyrsites (gilchrist, 1924) Kovaleva et al. 1979 , Kabata and Whitaker 1981 , Patashnik et al. 1982 , Harrell and scott 1985 , Kabata et al. 1986 , stehr and Whitaker 1986 , Kudo et al. 1987 , Kabata and Whitaker 1989 , langdon 1991 , langdon et al. 1992 , Barja and toranzo 1993 , Holliman 1994 , McDonald and Margolis 1995 , castro and Burgos 1996 , Hervio et al. 1997 , shaw et al. 1997 , Moran and Kent 1999 , Whipps et al. 2003 , Shukhgalter 2004 , Yokoyama and Itoh 2005 , levsen et al. 2008 . Yurakhno, ovcharenko, Holzer, sarabeev et Balbuena, 2007 total number of hosts: 2. Mugiliformes: Mugilidae -Liza aurata, L. ramada (type host). reference: Yurakhno et al. 2007 . Burger et adlard, 2010 total number of hosts: 9. Perciformes: apogonidae -Apogon properuptus. Kudoa yasunagai (Hsieh et chen, 1984) total number of hosts: 7. Perciformes: carangidae -Seriola quinqueradiata. lateolabracidae -Lateolabrax japonicus (type host). oplegnathidae -Oplegnathus fasciatus. sparidae -Pagrus major. Pleuronectiformes: Paralichthyidae -Paralichthys olivaceus. siluriformes: Plotosidae -Plotosus lineatus (syn. Plotosus anguillaris in cheung and Nigrelli 1990) tetraodontiformes: tetraodontidae -Takifugu rubripes. references: Yasunaga et al. 1981 , Hsieh and chen 1984 , Egusa 1986b , cheung and Nigrelli 1990 , ogawa and inouye 1997 .
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Kudoa trifolia
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Genetic intraspecific variation in kudoids among different host isolates
the trimmed ssU rDNa sequence alignment contained 109 Kudoa sequences from 36 species and was 1539 nucleotides long. of the sequences that spanned the whole alignment, the sequence size varied in length from 1403 nucleotides (K. unicapsula) to 1512 (K. crumena iversen et Van Meter, 1967) . the trimmed lsU rDNa sequence alignment contained 88 Kudoa sequences from 20 species and was 814 nucleotides long. the sequences varied in length from 644 (K. ovivora) to 759 (K. kenti) nucleotides.
From the ssU rDNa analysis, 13 of the 36 species had DNa sequences from multiple hosts (Fig. 3) . From these 13 Kudoa species, only K. lethrini (two hosts), K. megacapsula (two hosts), K. paraquadricornis (four hosts) and K. shiomitsui (two hosts) have ssU sequences from all their known hosts.
in the ssU analysis, the numbers of different host families per Kudoa species ranged from one (K. alliaria, K. gunterae, K. kenti, and K. paraquadricornis) , up to 13 (K. thyrsites) . Nucleotide variance between different host isolates of the same kudoid species ranged from zero (K. paraquadricornis and K. shiomitsui) to 14 (0.9% in K. thyrsites, where the maximum distance was between isolates from both Beryx splendens lowe and Paralichthys olivaceus temminck et schlegel compared with those from both Merluccius capensis castelnau and Thyrsites atun (Euphrasen) nucleotides). the second largest ssU genetic variance amongst host isolates in a single Kudoa species was from K. thalassomi. out of the eight sequences from five different host families, the range of nucleotide variance is between zero and 10 (0.7%), with the maximum occurring between isolates from the serranid host Cephalopholis boenak and a pomacentrid host Neoglyphidodon melas.
analysis of lsU rDNa (Fig. 4) revealed that seven of the 18 Kudoa species have lsU rDNa sequences from more than one host and of these seven, only K. kenti (four hosts), K. paraquadricornis (four hosts), and K. thalasBurger, Adlard: Low host specificity in the Kudoidae somi (18 hosts) have lsU sequences from all their known hosts.
the number of different host families per Kudoa species with lsU rDNa sequences ranged from one (K. gunterae, K. kenti, and K. paraquadricornis) to 10 (K. thyrsites). Nucleotide differences between isolates from different hosts ranged from zero (K. paraquadricornis) to 59 (9.2% in K. thyrsites, where the maximum distance was between isolates from the hosts Coryphaena hippurus linnaeus and Paralichthys olivaceus). the second largest lsU genetic variance amongst isolates from different hosts in a single Kudoa species was again demonstrated by K. thalassomi. out of the 24 sequences of K. thalassomi from the six different host families, the nucleotide variance ranged from one (0.1%) to 14 (2.1%), while the maximum difference was between isolates from a scarid host (Scarus flavipectoralis) with isolates from two different chaetodontid hosts (Chaetodon unimaculatus and Chelmon rostratus) and one from a pomacentrid host (Neoglyphidodon melas).
It is noteworthy that there was significant LSU sequence variance between K. thalassomi isolates collected from different individuals of the same host species. For example, isolates from two individuals of Amblyglyphidodon curacao showed 11 nucleotide differences (1.6%). genetic variation also occurred at other levels, e.g. two individual kudoid lsU genotypes (single genotypes isolated and amplified using bacterial cloning) from a single Amphiprion akindynos individual showed 6 nucleotide differences (0.9%), while four sequences from isolates derived from three individuals of Chaetodon unimaculatus differed by 4-11 nucleotides (0.6-1.2%) and sequences from isolates derived from each of two Thalassoma lunare (the type host) individuals showed 4 nucleotide differences (0.6%).
disCussion
Kudoa thalassomi is one of four Kudoa species described to date represented by a dominant 6-polar capsule spore morphotype and that infect the somatic musculature of their host fish. One of the other three species, Kudoa neothunni infects yellowfin tuna from Japan and is distinguished from K. thalassomi by having smaller polar capsules. the other two of the three species, K. grammatorcyni and K. scomberomori, are sympatric with K. thalassomi i.e. they occur on the great Barrier reef, australia, but are smaller in spore size (table 1) and are readily distinguished in genetic analyses (Figs. 3, 4) . interestingly, K. thalassomi is closer in genetic distance to two species that infect brain tissue, K. lethrini, a species dominated by a 7-polar capsule morphotype also from the great Barrier reef, and K. neurophila (grossel, Dyková, Handlinger et Munday, 2003) , a species dominated by a 5-polar capsule morphotype from tasmania in southern australia (having 21 nucleotides and 1.5% difference in ssU to both species) (grossel et al. 2003) . Kudoa thalassomi differs in ssU sequence from K. grammatorcyni and K. scomberomori by 2.4% and 2.5%, respectively. What drives such a genetic relationship that places K. thalassomi closer to brain-infecting species is unclear. Kudoa lethrini and K. neurophila infect different host tissues, are not more morphologically similar and do not infect either genetically or ecologically similar hosts. We suspect that with more comprehensive taxon sampling the basis for such relationships will become clear.
Kudoa thalassomi also differs from related muscle-infecting species, K. grammatorcyni and K. scomberomori, in having a low host specificity. From 214 fish species the authors sampled on the Great Barrier reef, K. grammatorcyni has been found only in Grammatorcynus bicarinatus Quoy et gaimard (see adlard et al. 2005) and G. bilineatus (rüppell) (unpublished data), while K. scomberomori has been found only in Scomberomorus commerson lacéepède (see adlard et al. 2005) . Kudoa thalassomi has now been found in 18 host species from six different host families (see Fig. 4 and new material detailed in the results).
Kudoa thalassomi has now been recorded from the highest number of host species for any kudoid species for which the specific identity has been confirmed through DNa sequence analysis (lsU rDNa). in comparison, K. thyrsites has DNa sequences matching a broader range of host species (14 kudoid isolates having ssU rDNa sequences, and 11 isolates with lsU rDNa sequences) and geographic distribution with representatives from 13 different host families within eight host orders (see Figs. 3, 4) ; however, this increased host diversity and geographic range also corresponds to a higher maximum sequence difference in K. thyrsites isolates, especially in lsU rDNa which has been shown to be a superior indicator of species differentiation than ssU (see Burger and adlard 2010) . in the lsU, Kudoa thalassomi has 2.1% maximum sequence variation between isolates, while K. thyrsites has a 9.2% variation. the total number of K. thyrsites host species for which there are DNa sequences (14) is less than half (37%) of the total number of recorded hosts (38) for that species. this suggests that the maximum sequence variation in K. thyrsites isolates may be higher than that recorded to date. in comparison, there are DNa sequences (lsU) of K. thalassomi for all of the currently recorded hosts for that parasite.
there have been many records of K. thyrsites since it was first described by Gilchrist in 1924 which, when combined, report a large morphological variance for spores of this species. For example, the smallest average width of a K. thyrsites isolate was 12.0 µm (gilchrist 1924) from Thyrsites atun compared to the largest of 16.7 µm from Merluccius productus (ayres) (see Whitaker 1981, Whipps and . Smaller, but significant morphometric differences have also been noted between host isolates of K. hypoepicardialis with mean spore width of 10.1 µm (range 9.3-11.2 µm) from Nomeus grovonii (gmelin), and 7.6 µm (range 6.5-8.4 µm) from Pogonias cromis (linnaeus) (see Blaylock et al. 2004) . our data show evidence for host-induced variation in spore valve size between K. thalassomi isolates from Abudefduf bengalensis and those from Thalassoma lunare (average spore width of the 6-polar capsule morphotype was 13.7 µm (range 12.4-14.9 µm) for spores from A. bengalensis and 13.2 µm (range 12.3-14.9 µm) for spores from T. lunare). We suspect that a small proportion of the morphological variation reported here and the original description of K. thalassomi ex T. lunare (mean spore width 10.7 µm, range 9.5-11.8 µm) may have been the result of post-collection treatment of specimens (e.g. number of times frozen/thawed), but clearly there is a degree of variation in spore dimensions displayed by even the same genetic species, for example the previously mentioned K. hypoepicardialis isolates all have identical ssU sequences (Blaylock et al. 2004 ) (see Fig. 3 ). given that kudoid species are now known to display a degree of morphometric plasticity (see Blaylock et al. 2004 , Whipps and Diggles 2006 , Burger and adlard 2010 , it is even more critical that an independent character set such as DNa sequence be employed as a datum to help establish species boundaries. Nonetheless, morphology still provides useful characters for defining species thus we would favour a whole evidence approach for identification.
Prior to the use of DNa, all Kudoa species with a stellate spore shape and one polar capsule larger than the other three were likely to be assigned to K. thyrsites, with the only recorded exceptions being K. cruciformum (Matsumoto, 1954) and K. mirabilis Naidjenova et Gajevskaja, 1991. With the benefit of DNA data it now appears that K. thyrsites may represent a species complex (Moran et al. 1999, Whipps and due largely to the significant genetic variance among isolates from different hosts and to the broad geographic distribution of this species. How many species are represented by K. thyrsites is currently uncertain and will remain so until morphological or biological characters are discovered that map, with confidence, to genetic profiles.
Kudoa cruciformum and K. lateolabracis Yokoyama, Whipps, Kent, Mizuno et Kawakami, 2004 are clearly species that are closely related morphologically but are considered to be distinct . No DNa data are yet available for K. cruciformum. in ssU rDNa K. lateolabracis is 23-39 nucleotides (1.9-2.0%) different to sequences from K. thyrsites (see Yokoyama et al. 2004) .
Kudoa mirabilis seems distinct from all other species based on its morphology (it has a much more significant difference between the sizes of the large polar capsule compared to the three small polar capsules) and from the distinctive pathology associated with the infection. Naidjenova and gajevskaja (1991) describe macroscopic cysts (3-5 mm diameter; occurring in clusters) that cause blisters filled with spores on the body surface and inside the body. this pathological presentation has not been seen with any other stellate, unequal polar capsule kudoid.
since the use of DNa characterisation, it has been possible to distinguish unambiguously the 4-polar capsule, stellate kudoids K. gunterae, K. Burger, Adlard: Low host specificity in the Kudoidae (2005) and Kudoa sp. published by Pascual and abollo (2008) which had high sequence similarity with that of K. alliaria published by Whipps and Diggles (2006) . the infections that these sequences represent have now been recognised as referable to K. alliaria (see Burger and adlard 2010) with further evidence from the identical pathology that they cause in the host.
an example of a possible synonym that could be determined using DNa is that of two cardiac tissueinfecting species K. pagrusi al Quraishy, Koura, abdelBaki, Bashtar, El Deed, al rasheid et abdel ghaffar, 2008, described from Pagrus pagrus in the red sea and K. shiomitsui (see Egusa and shiomitsu 1983) described from Takifugu rubripes from Japan. the spores are similar in size and shape and the cyst shape and location in the host tissues are identical. also, it has previously been shown that K. iwatai has been found in both Japan and in the red sea (Diamant et al. 2005) , reducing any emphasis for species distinction based on large geographic separation. it appears that the proposers of K. pagrusi were unaware of the existence of K. shiomitsui, as they did not include any reference to this species in their publication. also, the authors may have misidentified the fish host because Pagrus pagrus does not occur in the red sea; instead it is found in the atlantic ocean and the Mediterranean sea (http://www.fishbase.org/). A SSU rDNA sequence of the infection from the sparid fish from Al Quraishy et al. 2008 should be able to determine its relationship with reference to K. shiomitsui which has two ssU sequences available (see Fig. 3 ).
the distinction between K. clupeidae from Brevoortia tyrannus (Latrobe) published by Webb et al. (2005) and K. funduli from Fundulus heteroclitus (linnaeus) published by akaishi et al. (2004) may be invalid because ssU rDNa sequences are identical (see Fig. 3 ). Meglitsch (1948) differentiated between these two morphologically similar Kudoa species on several subtle shape and size differences and that K. funduli was found also on the fish fins rather than only within somatic muscle. The lack of differentiation between these two species in the ssU rDNa analysis does not include the four indels that occur in the alignment as differences between the two sequences. the lack of informative characters is accentuated because the K. funduli sequence is much shorter (739 nucleotides long in the alignment from this study) than that of K. clupeidae (1394 nucleotides long in the alignment from this study) and does not span across one of the more highly variable regions of the SSU rDNA fragment at the 5' end of the gene. therefore, until more sequences are generated for these two species we consider that they should be maintained.
the examples given above demonstrate that having multiple host records for a kudoid species should not, of itself, be an indicator of broad host specificity. Unless such records include DNa sequences from different hosts such a conclusion may be unwarranted. By increasing the number of parasite/host isolates represented in the DNa database, the more certainty there will be in the host range of species in the Myxosporea. Just over half of the total number of Kudoa species with multiple hosts listed in the results section have been sequenced from 50% or more of their recorded hosts (14 of 27); and less than a quarter of the total number of species have DNa sequences representing their entire host range (6 of 27: K. lethrini, K. kenti, K. megacapsula, K. paraquadricornis, K. shiomitsui, and K. thalassomi) . although the numbers are relatively low, patterns in host specificity are slowly becoming apparent in the Kudoidae.
The specific mechanisms that drive host specificity of kudoids are unknown. in the Bivalvulida, actinospores of Myxobolus cerebralis Hofer, 1903 respond positively to signals in the mucus of a range of fish, but infection only progresses in susceptible hosts (Kallert et al. 2009 ). Yokoyama et al. (2006) showed that Myxobolus arcticus Pugachev et Khokhlov, 1979 actinospores responded quickly and non-specifically to fish mucus, but Thelohanellus hovorkai akhmerov, 1960 actinospores showed a slower selective response to mucus from the susceptible carp host. clearly, development in any particular host relies on a combination of cues to enhance the encounter of infective stages with hosts, followed by the ability of parasites to establish infections regardless of host defensive mechanisms.
At higher taxonomic levels the specificity of kudoid species does not appear to show any broad trends. Taxonomic relatedness of hosts is not significantly correlated with genetic relatedness of species in the Myxosporea for either multivalvulids (see Burger et al. 2007) at a species level, the majority of kudoids have only been reported from a single host species, but a significant proportion display a broader host range. Furthermore, the host range of a species is often more a function of research effort rather than a true representation of its range. only a few myxosporean genera have been studied with sufficient intensity to have confidence in specificity trends, with Ceratomyxa and Myxobolus showing relatively high levels of host specificity (Molnár 1994 (Molnár , gunter et al. 2009 ). Prior to this study, K. thalassomi was reported only from Thalassoma lunare, but now from the data we present in this study it is obvious that the host specificity of K. thalassomi is broad. this is a clear demonstration that any interpretation of host specificity cannot be made from serendipitous records of presence in a particular host, but rather, through a focused study using combined morphological and molecular characters to allow unambiguous identification of parasites from multiple hosts. regardless of the current interest in myxosporean parasites, it will likely take some years to increase and validate the taxonomic dataset to a level where further trends in host specificity can be predicted with any confidence for these parasites. Results from this study reveal that myxosporeans in general and kudoids in particular, have adopted strategies that result in various levels of host specificity. Nonetheless, identifying the host range of parasites can be of enormous value for predicting the threat of introduction of a potential pathogen and for managing an existing disease.
